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Abstract: Suppliers’ selection is one of the most strategic challenge for companies, impacting mainly in terms of 
timely delivering, components’ conformity and supplying prices. This work analyses the impact of suppliers’ selection 
choices on product quality features, through an hybrid model developed by a combination of the Analytical 
Hierarchy Process (AHP) and the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) to 
unfold all objective and subjective factors, as well as the quantitative and qualitative ones. The research has been 
developed within a company producing heating appliances located in Southern Italy. Among the most important 
features unfolded by this study there are the impact of some suppliers’ criteria that influence the choose of one 
respect to another, such as financial status of the supplier, its follow-up, quality of support service and reliability or 
accuracy.  The results obtained, show as the use of hybrid AHP-TOPSIS methodology, strengthens and confirm the 
results of a multicriterial decision analysis of a simple AHP method making the commercial decisions robust. 

Keywords: Suppliers, Multi Criteria Decision Analysis, Hybrid model.

1. Introduction 

Nowadays, product quality is a fundamental requirement 
for companies to be competitive on the market. 
Moreover, according to the ISO 9001 standard, 
companies must evaluate and select suppliers based on 
their ability to provide a product complying with all the 
requirements. The newer standard ISO 9001:2015 requires 
that a criterion for selection, evaluation and re-evaluation 
of suppliers must be set within this context. The 
possibility of a correct quantification of production 
efficiency, together with an efficient and cost-effective 
planning of corrective actions, is a key factor in the 
realisation of a Quality Manager System in every industrial 
areas (Sekhari et al. 2009). One of the most critical issues 
that companies must front is the selection of strategic 
suppliers, not only to comply the current version of ISO 
9001, but also to obtain both timely and efficient 
procurement of all materials, components and products 
(Ouzrout et al. 2008). Recently the interest in the buyer-
supplier relationship has shifted to other strategic and 
operational factors such as quality, delivery and flexibility. 
Thus, in this work the supplier selection process has been 
explored through a strategic decision model able to 
consider as inputs a variety of managerial decision levels, 
from strategic to operational. Strategic decisions include 
tangible, intangible, strategic and operational factors into 
any analysis. Within this portion of the study, different 
levels of detail are used corresponding to a certain degree 
of investigation that varies according to the company's 
needs. The main tool used is a hybrid model that 
combines the analytical hierarchy process (AHP) with the 
Technique for Order of Preference by Similarity to Ideal 
Solution (TOPSIS). The case study involves a company 
producer of biomass-powered heaters, located in southern 

Italy. The paper is structured as follows: Section 2 
provides a brief overview on the existing literature related 
to the supplier selection problem. Section 3 presents the 
methodology and describes the hybrid AHP-TOPSIS 
method. The case study and the approach to select the 
best supplier that provides the highest satisfaction criteria 
and the deployment of the procedure are given in Section 
4. Conclusions follows in section 5. 

2. Literature review 

Supplier selection is a multi-criteria problem, due to its 
potential number of objectives, such as profit and/or 
quality, costs, times, etc. Several authors fronted the 
problem with mathematical approaches joint with AHP 
(Kilincci and Onal, 2011). According to Savino et al 
(2015) these problems lead firms to require to their 
suppliers the adoption of specific evaluation and decision 
criteria. The most recent approaches developed show 
often an integration of AHP and linear programming. 
Similarly, Dulmin and Mininno (2004), providing some 
guidelines for the correct interpretation of the results, 
consider a simple linear weighting algorithm, which could 
be used both in the selection and in the ranking. Then, 
Kavilal et al. (2009) evaluated supplier selection to get the 
best e-service by using multi objective linear 
programming, AHP, and fuzzy programming. Another 
earlier research stream provides multi-criteria decision 
methods (Lipovetsky, S. 2005). A number of studies have 
examined evaluation problems for suppliers’ selection, but 
at the best of our present knowledge the results of these 
studies either do not provide a basis upon which to 
construct comprehensive evaluation criteria in terms of 
supplier’s performance evaluation or to identify relative 
weights of these criteria. Focusing on suppliers’ selection 
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problem, it may be also relevant to include serviceability 
with and capability (Hwang et al., 2005). On this line, 
Levary (2008) introduced AHP to rank potential suppliers 
in manufacturing industries, while Naskar et al. (2018) 
provided an AHP-based two-stage dynamic programming 
approach. Similarly, Kull and Talluri (2008) provided an 
evaluation model that used AHP for calculating a risk 
index based on each alternative supplier and Savino, 
(2015) use the fuzzy AHP for the maintenance plans. 
Brun (2018) provided an integrated decision model using 
AHP for analysis FMEA. Based in the previous research 
findings, in this model AHP was used to determine the 
weights that represent the importance of tangible and 
intangible decision factors. The weighted Taguchi loss 
scores were calculated for ranking suppliers. Ouzrout et 
al. (2010) provided an integrated AHP and quality 
function deployment (QFD) for ranking alternative 
suppliers. On the same research stream Bruno et al. (2011) 
implemented a supplier evaluation model based on the 
AHP method. As an evolution of AHP methods, several 
studies propose the use of the Fuzzy Topsis and Fuzzy 
AHP methods to help companies in the decision-making 
process for suppliers selecting. Savino et al. (2018) 
developed a comparative analysis of these two methods in 
the context of suppliers selecting. Another interesting 
work is offered by Kilincci and Onal (2011), who 
investigate the problem of suppliers’ selection using the 
fuzzy AHP method. Based on a new representation of 
uncertain information, called D numbers, Xinyang Denga 
et al. (2014) propose a D-AHP (dynamic AHP) method to 
solve the problem of the suppliers selection Ho, et al. 
(2010) used an appropriate method AHP-TOPSIS for this 
purpose. Supplier selection has been shown to be multiple 
criteria decision making (MCDM) problem. The technique 
for order preference by similarity to Ideal Solution 
(TOPSIS) was first developed by Yoon and Hwang 
(1995).  

3. Methodology 

AHP is a decision support system approach developed by 
Saaty (1980). This methodology is part of the Multi 
Criteria Decision Analysis (MCDA), aiming to supports 
those decision makers who fronts numerous and 
conflicting assessments objectives. AHP may allow a 
compromise solution with the adequate degree of 
transparency. The multi-criteria analysis methods support 
the decision maker in the organization and synthesis phase 
of complex and often heterogeneous information. The 
strength of the AHP approach is that it organizes tangible 
and intangible factors in a systematic way, providing a 
structured but relatively simple solution to decision 
problems (Al-Harbi, 2001). Yoon and Hwang (1981) 
developed TOPSIS method that simultaneously considers 
the distance to the ideal solution and negative-ideal 
solution regarding each alternative and selecting the 
closest one relative to the ideal solution as the best 
alternative. One of the unique features of AHP is that it 
provides a powerful procedure to determine the relative 
importance of different attributes with respect to the 
objective. Towards improving this research stream, the 
hybrid MCDA approach using TOPSIS and AHP 
depicted in Figure 1 has been used in this research. 

 
Figure 1: Step framework for implementation hybrid model 

3.1 Model implementation 

The model developed in this study adopts an Analytic 
Hierarchy Process  in which the criteria and sub-criteria, 
with the relative weights have been assessed partially with 
a literature review and through a specific survey 
conducted with the Quality Managers of ten similar firms., 
while for the selection of the most acceptable solution of 
the set, we use the TOPSIS method.  

3.1.1 AHP approach 

The AHP is a theory that has been applied to countless 
areas, such as decision theory and conflict resolution. The 
model uses the following step-by-step procedure: 

1. The decision problem is structured in a hierarchical 
model in which the objective, the criteria and the 
attributes are identified. The objective level is on the 
top, the criteria are at the second level, the attributes 
are at the third level and the decision alternatives are 
on the bottom of the hierarchical structure of the 
problem.  

2. In this step the elements of a level are compared with 
pairwise comparisons to define the level in which an 
element may be more important than another one 
through the judgment matrix.  

3. In this step the consistency of the comparisons has 
been assessed, using a consistency ratio that must be 
less than 0.1.  

4. The last steps develops the priority at each single level 
with reference to each element in the next level. For 
this step, it is possible to use the Eigen vector (or) 
Arithmetic mean (or) Geometric mean method. In this 
work the Arithmetic mean method is used. 
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3.1.2 TOPSIS approach 

The concept of TOPSIS approach is to select the 
alternatives based on shortest geometric distance from the 
positive ideal solution and longest geometric distance 
from the negative ideal solution. The stepped procedure 
of TOPSIS adopted in this study is made of the following 
steps:  

1. Construction of the decision matrix.  
2. Normalization of the construct matrix using the 

normalization formula.  
3. Determination of the weighted normalized decision 

matrix.  
4. Finding out the Positive and Negative ideal solutions.  
5. Calculation of the distance/separation from positive 

and negative ideal point.  
6. Calculation of the Relative closeness coefficient to the 

Ideal Solution. 
 

4. Case Study of supplier selection process. 

The core products of the company in which the systems 
has been deployed are heating appliances. The objective 
of the stidy was to select the best supplier for a specific 
component used in the production of biomass-fed stoves. 
The suppliers must provide the manufacturer of control 
units with technical features in order to improve product 
quality. For that component the analysis was carried out 
considering three different suppliers. In the following 
sections the main steps of the methodology are detailed. 

4.1 Model architecture 

Step 1: Define the main attributes and secondary attributes for 
supplier selection to design the tree structure. 

All the most important criteria that could influence the 
quality of a component have been obtained through 
interviews to the Quality Managers of the company of the 
case study and of similar companies. This part of the 
study was conducted by combining the attributes 
determined with the Quality Manager and specific 
attributes found in similar studies. Throughout this 
activity, the main and secondary attributes of the specific 
component were determined. In the model developed, 
through a literature review and a survey with the quality 
managers we have created the check list of criteria and 
sub-criteria. After the analysis, the second step consisted 
in selecting from this check list the specific most relevant 
criteria and sub-criteria for the study. In details the 
surveying phase has been conducted according to the 
following steps: 
- First, a slide presentation was presented in a dedicated 

meeting to describe the model with its objectives, 
benefits and results that could be of interest for the 
company. In this meeting we have also presented and 
submitted the check-list from which to choose the 
criteria and sub-criteria of interest. 

- Then, through the analysis of the respondents we have 
assessed the criteria and sub-criteria and the relative 
weights. In output of our study, the company has also 

received a report showing the outcome resenting from 
of the interview.  

The aggregation problems in the MCDM are solved using 
the scoring techniques such as the weighted aggregation 
operator based on multi attribute theory (Jean-Luc 2000). 
The classic weighted aggregation is usually known by the 
weighted average (WA) or simple additive weighting 
method. A very common aggregation operator, in use in 
this paper, is the ordered weighted averaging (OWA) 
operator which provides a parameterized family 
aggregation operator between the minimum, the 
maximum, the arithmetic average, and the median criteria 
that was originally introduced by Yager et al (1988) 
The main features considered (Kilincci and Onal, 2011) 
are the following: Supplier criteria, Product performance and 
Service performance. 
The secondary attributes were determined by considering 
the work of Bruno (2012) and, in agreement with the 
company's manager, are the following: Financial status, 
Flexibility, Quality systems and processes Geographic location, 
Process capacity, Product price, Product quality, Non-compliance, 
Payment method, Follow-up. Quality of the support service, Delivery 
time and Experience and reputation. The secondary attributes 
are associated with main characteristics through the 
correlations briefly described below. 

Supplier criteria 

The supplier's criteria assess whether the supplier fits his 
supply and technology strategy. They are developed to 
measure important aspects of the supplier’s activity: 

- Financial status: as a good indicator for long-term 
commitment.  

- Flexibility: it represents the supplier's ability to 
guarantee future improvements based on the changing 
needs of the customer.  

- Quality systems and processes: The adoption by the 
supplier of the quality system is a sign of the supply of 
a high-quality product.  

- Geographic location: the location of the supplier's 
company is important for reducing delivery times, 
transport costs and for faster technical support.  

- Process capacity: the supplier's production facilities 
must meet the customer's specific requirements. 

Product performance criteria 

For this feature the sub-criteria are detailed as follows: 

- Product price: affecting the total costs of the product. 

- Product quality: this parameter has been appraised by 
product’s rejection rate, defined as the number of 
parts rejected due to quality problems over the total 
parts. 

- Non-compliance: measured by the reluctance to 
replace the part and the duration of the assistance. 

- Payment method: includes the payment window 
during which payment must be made, any request for 
payment guarantees and the payment method. 
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Service performance criteria 

The service performance criteria have been used to assess 
the benefits provided by the services of the supplier. 
Service performance criteria should always be included in 
the supplier selection criteria, as any purchase involves a 
certain level of service, such as order processing, delivery 
and support. In assessing the suitability about the services 
of the supplier, follow-up, technical support, delivery 
times and professionalism will be used. The sub-criteria of 
the service performance criteria are explained below: 

- Follow-up: the supplier must provide information to 
the customer regarding production phases, storage 
operations and transportation processes. The 
customer is informed of the delay in shipping the 
product.  

- Quality of the support service: during the production, 
the customer may need the technical support from the 
supplier in order to make changes in the product to 
solve any specific problem.  

- Delivery time: the delivery time is the period from the 
moment in which the supplier receives an order to the 
time of shipment. It considers also the times to 
effectively generate the order without any inventory 
other than raw materials or parts of supply. Therefore, 
it directly influences delivery times.  

- Experience and reputation: include knowledge, 
accuracy, the attitude of the supplier and its reputation 
and reliability. 

4.2 Model Implementation for a control unit 
component 

Step 2: Calculate the weights of the main attributes, secondary and 
alternative attributes. 

After the built of hierarchical structure, the different 
priority weights of each main attribute, secondary and 
alternative attribute were calculated using the AHP 
approach. The comparison of the importance of one main 
attribute, secondary and alternative attribute as regards to 
another one was obtained through the questionnaires. 
This tool facilitate the answer to the questions of pairwise 
comparisons. The preference of one measure over 
another one was decided by the available research and the 
experts’ experience. First, the experts compared the main 
features as regards to the objective. Then, they compared 
the secondary attributes respect to the main attributes, as 
shown in Tables 1, 2, 3 and 4. 

Table 1: The criteria evaluation 

 

Table 2: Pair-wise matrix for sub-criteria Supplier Criteria 

 
Table 3: Pair-wise matrix for sub-criteria Product 

Performance Criteria 

 
Table 4: Pair-wise matrix for sub-criteria Service 

Performance Criteria 

 
After the pair-wise comparison matrices were formed, the 
consistency of the pair-wise judgment of each comparison 
matrix was verified using the consistency index calculation 
method and the consistency ratios. Then, the Priority 
weights of each main attribute, the secondary attribute and 
the alternatives were calculated using the AHP method. 
Table 5 gives an extract of the data relative to this step, in 
which the local weight and the CI of the main attributes 
respect to the target were calculated. 

Table 5: Local weigh and Consistency Index 

 
In this study no opinion was discarded, given the 
preliminary work done for the interview. Based on 
consistency index resulting from the study, all the 
opinions are consistent. In fact, in table 5 the consistency 
ration (0.053) calculated is lower than the limit (0.1) found 
in literature. Then, the global weights are obtained. 

Step 3: Calculate the overall score and select the ranking. 

In this step, the priority weights of the main attributes and 
secondary attributes were combined to determine the 
priority weights. The priority global criteria weights are 
given in Table 6. 
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Table 6: Ranking Criteria 

 
Step 4: Calculate the overall score of each supplier and choose the 
best supplier with AHP approach. 

After the assessment of the overall weight, the experts 
compared the supplier companies as regards to each 
secondary attribute, as shown in Tables from 7a to 9c. 
Finally, the priority weights of the main attributes and 
secondary attributes were combined to determine the 
priority weight of the alternative suppliers. 

As a first results of this step, for the supplier A the tables 
7a, 7b and 7c report the weights of the various attributes 
considering the selection criteria. 

• Supplier: Company A 

Table 7a: Sub-criteria pair-wise comparison for A 

 
Table 7b: Sub-criteria pair-wise comparison for A 

 
Table 7c: Sub-criteria pair-wise comparison for A 

 
The same procedure made for A, has been applied for 
supplier B obtaining the following results: 

• Supplier: Company B 

Table 8a: Sub-criteria pair-wise comparison for B 

 

Table 8b: Sub-criteria pair-wise comparison for B 

 
Table 8c: Sub-criteria pair-wise comparison for B 

 
• Supplier: Company C 

For this supplier tables 9a 9b 9c report the weights of the 
attributes. 

Table 9a: Sub-criteria pair-wise comparison for C 

 
Table 9b: Sub-criteria pair-wise comparison for C 

 
Table 9c: Sub-criteria pair-wise comparison for C 

 
In Tables 11, 12 and 13, each column of the matrix has 
been multiplied by the priority weight at the top of the 
column. Then, the values have been summed for each 
row. Finally, the priority weights of the alternatives with 
respect to the supplier attribute are calculated. The same 
calculations have been applied to the secondary attributes 
of the product performance attribute. The service 
performance attribute and the priority weights of the 
alternatives are calculated with respect to product 
performance and service performance attributes. At the 
end, the priority weights of the alternatives respect to the 
main attributes are combined and the priority weights of 
the alternatives are determined in Table 13, where the 
rank of the best supplier is shown. 
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Table 10: Supplier Ranking for Supplier Criteria 

 
Table 11: Supplier Ranking for Product Performance 

Criteria 

 
Table 12: Supplier Ranking for Service Performance 

Criteria 

 
Table 13: Supplier Ranking for unit control 

 
The AHP analysis shows that the best control unit 
supplier is the supplier B that best meets the required 
criteria. In the second part of the case study, based on 
AHP analysis, a TOPSIS analysis has been implemented 
starting from the data of Table 14. 

Step 5: Calculate normalized matrix for TOPSIS approach.  

The first step of the TOPSIS analysis for our study is to 
calculate the normalized matrix of table 15 though the 
TOPSIS normalization. 

Table 14: Construct matrix normalized 

 
After the normalization, the matrix is multiplied with the 
weight array as shown in Table 15. 

Table 15: Weighted normalized decision matrix 

 
Step 6: Determine the distance from positive and negative ideal 
point 

The TOPSIS analysis concerns the determination of the 
positive and negative ideal point, shown in Table 16, to 

get the distance the alternatives from ideal points, as per 
Table 17. 

Table 16: Ideal point 

 
Table 17: Separation from positive and negative solution 

 
Step 7: Calculate the overall score of each supplier and choose the 
best supplier with TOPSIS approach. 

Finally, the closeness coefficients for the supplier have 
been calculated and reported in Table 18. 

Table 18: Closeness coefficients supplier 

 
Based on closeness coefficient, the ranking of alternatives 
may be decided. From Table 18 we may notice that the 
alternative B obtained the first rank with the highest 
closeness coefficient (0,91443), while alternative A 
achieves the lower rank with the lowest closeness 
coefficient (0,01197) among all the considered 
alternatives. The combination of TOPSIS and AHP 
approaches shows that B can be considered as the best 
supplier. 

5. Discussion  

The AHP-TOPSIS developed provides a framework to 
assist managers in analyzing suppliers’ criteria and to 
orientate the relative decisions. Managerial decisions are 
improved because the model developed reduces the 
measures based on the probability, the subjective nature 
of the decisions, and it reduces unreliable results that my 
derive from the uncertainty in weightings. In terms of 
method application, at the best of our present knowledge 
this is the first time in which this kind of hybrid system is 
applied to this type of a supply chain of consumer heating 
products. Then, as a second contribution we obtained the 
finding resulted from the parameters definition and from 
the results obtained throughout the interviews. In 
particular it results that for Product performance criteria, 
the Non-compliance sub-criteria is the most important 
factor in supplier’s choosing, while the second one is 
Product price. This result can be of interest for Academics 
and Practitioners who deal with this specific sector of 
activity, that was not investigated before. 

6. Conclusion. 

In this study a hybrid AHP-TOPSIS based approach has 
been developed to select the best supplier company for a 
firm. Three main attributes and 13 secondary attributes 
are determined based on the bibliographic survey and 
experience of the Quality Manager. The comparisons of 
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the main attributes, secondary attributes and of the 
alternative, are carried out using a questionnaire. The 
weights of the main attributes, secondary attributes and 
alternatives are calculated using the AHP approach. The 
best supplier was selected after calculating the total score 
of each supplier. The hybrid AHP-TOPSIS approach can 
be easily adopted to select the best supplier for each of 
the other important parts of the pellet stove. This allows 
decision makers to examine the strengths and weaknesses 
of the sales systems by comparing them with appropriate 
criteria and sub-criteria. Furthermore, the use of the 
proposed hybrid model significantly reduces the time and 
effort in decision making. 
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